A melanoma tumor is a representative malignant tumor. Melanoma tumor growth involves vigorous angiogenesis around the tumor and a vasculogenic-like network inside an aggressive tumor. Primo vessels (PVs) are also found on the surface of the tumor and coexist alongside blood vessels (BVs), and sometimes within the BVs. We hypothesized that the primo vessels system plays a significant role in regulating the development of a melanoma tumor, and therefore has a tight coupling with BVs and angiogenesis. To prove this hypothesis, we developed a murine melanoma model by inoculating melanoma cell lines into the abdominal region. We used a green fluorescent protein (GFP) expressing mouse as a host to distinguish the endogenous source of the tumor PVs. We found strong formation of PVs on the tumor that coexisted with BVs and expression of GFP. PVs also had a tight coupling with adipose tissues, especially with white adipose tissue. These data suggest that the PVs of an induced melanoma tumor evolve endogenously from the host body and may be highly related to BVs and adipose tissue. This model of PVs in an overexpressing GFP mouse is a useful system for observing PVs, primo nodes, and primo vessel networks, and has potential to be developed as a model for examining novel treatments for cancer metastasis.
Introduction
Melanoma cancer is a common malignant tumor of melanocytes and an aggressive type of skin cancer [1, 2] . Due to the vigorous growth of melanomas they recruit abundant blood vessels (BVs) and angiogenesis [3, 4] . The recruitment of adipose tissues is also crucial in the development of the tumor [5, 6] . Adipose tissue (AT) may provide a metabolic resource for the proliferation of cancer cells [7] . The tight relationship among microenvironments such as BVs, AT cells [8] , and primo vessels (PVs) [9] is important for controlling tumor growth.
PVs can exist both around and inside cancer tumors [9e12] . The primo vascular system (PVS) has been found in lung cancer and the ovarian cancer mouse models alongside BVs and lymphatic vessels using trypan blue (TB) staining or near infrared quantum dot (NIR-QD) loading into the PVs [9, 11, 13] . Histological and immunofluorescence studies have demonstrated that PVs exhibit characteristics clearly distinct from blood and lymphatic vessels [11, 13, 14] . The density of PVs is positively correlated with tumor growth and metastasis [9, 12] , suggesting that PVs play important roles in cancer development and metastasis. PVS are generally difficult to observe in vivo in a mouse due to the size of the animal. TB staining is an effective technique to visualize the PVS, but is a transient staining method that can only be applied under live conditions [13, 14] . Thus, apart from TB staining [15] and NIR-QD loading [14] , few techniques exist to visualize the PVS in vivo. The effective visualization of the PVS is critical for investigating the characteristics and the physiological functions of the PVS. Thus, in the present study, we examined the relationship between PVs of a melanoma tumor with BVs and adipose tissue by utilizing the green fluorescent protein (GFP) expressing mouse model as a host. In addition, we examined whether the PVs of the tumor evolved endogenously from the host tissue or exogenously from inoculated cancer cells.
Materials and Methods

Melanoma GFP mouse model development
GFP-expressing transgenic mice were purchased from The Jackson Laboratory (CA, USA). This strain expresses GFP in all organs (mouse strain information: Tg (CAG-EGFP)B5Nagy/J). All mice were housed in a Specific Pathogen Free (SPF) facility with 60% humidity at 23 C under a 12-hour light/dark cycle, and were fed food and water ad libitum. We developed the melanoma cancer model by inoculating the B16BL6 murine melanoma cell line (The University of Texas MD Anderson Cancer Center, TX, USA) into GFP mice at 10 weeks of age. The cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum and 1% penicillin streptomycin. Incubation of the cells was performed at 37 C in a humidified atmosphere containing 5% CO 2 . Tumors and tissues were extracted in mice with induced melanomas at 43 days after inoculation.
Tissue examination
Mice were anesthetized through the respiratory system using Zoletil (Virbac Korea Co. Ltd, Seoul, Korea) and Rumpun (Bayer, Seoul, Korea). In a clean hood, the skin was removed surgically and the tumor was exposed. To visualize the PVs we followed the previously reported procedures [15] . In brief, we stained the PVs by dropping a 0.2% TB solution (Sigma-Aldrich Co., St. Louis, MO, USA) on the tumor and near the tissue and by washing the area with saline solution immediately after exposing the tumor. The PVs, BVs, AT, melanoma tumor, and extracted tissues were examined under an anatomical microscope and then sectioned and mounted onto slides with mounting medium (Dako, CA, USA) and covered with a cover glass (Marienfeld GmbH & Co.KG, LaudaKonigshofen, Germany). 
Fluorescence and optical microscopy
To observe the mouse tissues we examined mounted sections with a fluorescence microscope (AF6000B; Leica) at a wavelength of 488 nm. To observe the normal colored BVs, white AT, and PVs stained with TB, we examined the sections under an optical microscope (GX51; Olympus, Tokyo, Japan).
Results
The numbers of PVs and primo nodes (PNs) were increased with each stage of development of tumors exhibiting angiogenesis (Fig. 1A and B) . Interestingly, the PVS frequently lay on the tumor with AT, and the mass of the AT recruited depended on the growth of the tumor (Fig. 1C and  D) . Moreover, the majority of these AT were white AT, not yellow AT (Fig. 1D) . The representative features of the melanoma were AT spread on the tumor that were closely associated with PVs and BVs (Fig. 1E) .
We used fluorescence microscopy to investigate PVs in the epidermis under the skin in the normal GFP mouse. We clearly observed an extensive length of the PV line, which was surrounded with abundant AT (Fig. 2B) . These features are difficult to find with phase contrast microscopy ( Fig. 2A) . A PN (yellow star) was also clearly visualized under fluorescence microscopy (Fig. 2B) . Thus, the GFP mouse allows PVs to be visualized without TB staining, as the PV formed with a thin membranous vessel containing GFP positive proteins. In particular, this implies that the PVs do not evolve exogenously from the inoculating cancer tissue, but rather endogenously from the host GFP mouse tissue.
TB stained surface tumor tissue was used to observe the PVs by light microscopy (Fig. 3AeD) . A widely diffuse type of PV was observed in proximity to the adipose cells, as well as a BV and connective tissue. The surface of the tumor is shown with phase contrast images in Fig. 3A , green fluorescence microscopy images in Fig. 3B , and real color optical microscopy in Fig. 3C . The TB stained PV (Fig. 3C ) was perfectly matched with the green fluorescent PV (Fig. 3B) . The PV exhibited a strong green excitation signal in the GFP mouse (Fig. 2) . Thus, observation of the PV without staining is possible when a GFP mouse is examined by fluorescence microscopy. Furthermore, using an optical microscope in the real color mode, we could observe the BV, AT, and connective tissue with their own colors (BV, red in color; AT, white in color; connective tissue, brown in color).
To investigate the inner part of the tumor, we examined sections of the inside of the tumor mass from a GFP melanoma mouse (43 days after tumor cell inoculation) by fluorescence microscopy ( Fig. 4A and B) . The PVs are shown as strong green (Fig. 4BeD) . The PVs were very thin and slender threadlike formations with branches (arrows, Fig. 4AeD ). PV sprouting from a BV is shown in Fig. 4C , while a small, round PN is shown in Fig. 4D . Even with TB staining, these very thin threadlike PVs were difficult to observe by optical microscopy. By contrast, fluorescence microscope images show the presence of abundant thin threadlike PVs inside the tumor, and demonstrated that the PVs are surrounded by ATs (Fig. 4A ).
Discussion
In the present study, we demonstrated that the characteristics of the PVS of a GFP mouse are well matched with those of stained with trypan blue [15] . Although the PVS is known to exist in induced melanomas in animals [10e12], the origin of the PVS in induced melanomas remains unclear. In PVS double labeled with positive green fluorescence and TB staining, we found that the PVS in the induced tumor originated from endogenous sources in the GFP mouse rather than from exogenous cells (i.e., inoculated tumor cells). Importantly, these data suggest that the PVS is recruited from the host organism as the tumor grows. The growth of the tumor results in a higher metabolism than under normal conditions. Thus, more blood vessels are necessary to meet the increased metabolic demand.
For the cancer to become fully developed, the establishment of a microenvironment including BVs and ATs is vital. We also found that PVs in close relation to BVs and ATs play a significant role in cancer development, as previously reported [9e12]. The PV from the developing tumor was thinner than the PV from normal tissue, which may result from the PVs of the melanoma being newly developed or in the process of development. However, robust PNs were found in the tumor area, supporting the fact that the active development of the PVs took place near the tumor. The PVs and the PN were found in the proximity of BVs and adipose tissues, particularly white ATs.
In conclusion, by inducing a melanoma tumor in a GFP mouse, we found that the origin of the PVs of the induced tumor was endogenous (i.e., the PVs shared the genetic characteristics of the host animal), which was supported by the strong double labeling with GFP and TB of the PVs from the induced melanoma. PVs may play an important role in shaping the microenvironment for melanoma tumor growth, which is supported by the abundance of PVs in the melanoma tumor, even before full angiogenesis. In particular, the close relationship between white AT and PVs suggest the importance of white AT in the development of PVs and cancer metastasis. Our data suggest that the GFP mouse with an induced melanoma tumor can be used as a model system for tracking the origin of the PVS in melanomas. Further studies are required to prove the exact relationship between the PVs and white adipose tissue.
